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µk+1 = (1− α)µk + α(µkµ('*),+ + µk-








σi, i = 1, . . . , n
nc
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(xi − i+ 1)2
f3(x) = 1 +
n∑
i=1
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µ0 = (25, . . . , 25)
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n = 100 f̃1(x) f̃2(x) f̃3(x)t¸ x¹º £
α = 0.01
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Linear approximation of the
            level set curve
= Selected individual














x · y = ‖x‖‖y‖ cosθ, [RTWVuqW θ n¢cÁegRTW|moklW¦>W!ex¿WVW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y
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	 £sT« l@T@Â b« @lW'é@l¤ £so« @l@TÂHo« @llW'é@l¤
±zy ²q³ ´gµ¶g³ £so« l@TÂdo« @lH¤ F £  VD«   TÂ>À T«äoÀ¤ £Ý @T« oVoÂ>ÀlT« @l¤
QK|oWÁo¥<t*WVugrjluqU|mohVWª|lmo|abcfn¢crjluv¡iy.Âot¸ x¹º |lmo~Ä®±zyz²g³ ´qµV¶q³nm½~bnUXWVmocgnjlmÀTmo~bWu|
cgnk@R@ei|@cfadUXUXW!eguqn¢hV|FnmTnegn¢|n§À|:egnjlm)«
µ0 = (100, . . . , 100) f1(x) f2(x) f3(x)v¡iy  		
    	DÇ@ÉoÇ@É  DÇ@É

t¸ x¹)º £sT« @oÂbT« l@  ¤ £Ý   d« dÂ>Àl@b«äl¤ £8l  o« oÂDÀl@T«äl¤
®±zy ²g³ ´qµV¶q³ £ÝT« T TÂ  «ä l:W'é@@¤ F £ l@  T« oÂHl@@@T« H¤ £sTÂbdlol« @¤ F
QK|oWb¥<t*WVugrjluqU|mohVWª|lmo|abcfn¢crjluv¡iy.Âot¸ x¹ ºO|lmo~Ä®±zy ²g³ ´qµV¶q³ nm½~bnUXWVmocgnjlmÀTmo~bWu|
}ougj@mTjlTmDh!W~|lcgadUUXWVeguqnh|nmTnpeqn|ln§|egnjlm«













K = M = 40
«#yz<jlegRTWu }o|u2|UXW!eqWVu2czuqWVU|lnmegRTWcq|UXWl«#tWÀ|lcgWcgWVWXQ|lTWc |lmo~  
|lk@|lnmÂHeqRTWDWÀcxeiuqWcgTeqc[|lugW nm,>jl¢~«
µ0 = (10, . . . , 10) f1(x) f2(x) f3(x)v¡iy £o« lHbÂFl«@@¤ £ÝT« l@@lTÂHo« @TÀ@¤ £ÝT« loÀbÂbo« @@H¤
t¸ x¹ º   
    >ÇlÉ	 !>Ç@É"	  #
 HÇ@É	 oÇ@É"	
®±zyz²g³ ´qµV¶q³ £so«  bÂbo« @l  ¤ F £Ýll@T«  Âbo« oH¤ F £Ýl@ T« dÂFo« Hl¤ F
QK|oW T¥<t*WVugrjluqU|mohVWª|lmo|abcfn¢crjluv¡iy.Âot¸ x¹º |lmo~Ä®±zyz²g³ ´qµV¶q³nm½~bnUXWVmocgnjlm  Tmo~bWu|
cgnk@R@ei|@cfadUXUXW!eguqn¢hV|FnmTnegn¢|n§À|:egnjlm)«
$   ,% '&"
(&   #)*&)+*-,/.$#%,.#+
 ,0% (+*&.1% #&
¬OWXDWklnm©da®|lmo|ad§VnmTk-eqRTWXugWÀcfope2czrj@u#~bnUWmocgnj@m¼o«.v¾@WVmO[RTWVm©egRoWnmTnegn¢|v~bn¢cfeguqnTTegnjlmOnc
hVWVmHegWugWÀ~ |:e.mTWÀ|uqa®egRTWjl}beqnU|cfj@beqnj@m°£









µ0 = (100, . . . , 100) f1(x) f2(x) f3(x)v¡iy  (   




t¸ x¹º £ÝT« lloÂbT«  W'é@@¤ £  T« dÂbTÀT« @¤ £ llo« oÂd   d« l¤
®±zy ²g³ ´qµV¶q³ £so« @@  ÂD@« @lW'él@¤ F £8b@l@TÂb  « l  ¤ F £8bÀ @ TÂb@T«  l@¤ F
QK|oWd¥<t*WVugrjluqU|mohVWª|lmo|abcfn¢crjluv¡iy.Âot¸ x¹ ºO|lmo~Ä®±zy ²g³ ´qµV¶q³ nm½~bnUXWVmocgnjlm  Tmo~bWu|
}ougj@mTjlTmDh!W~|lcgadUUXWVeguqnh|nmTnpeqn|ln§|egnjlm«











¾@WVuqklWÀ~ egjÁegRoW¿j@}begnU|bcgjlbegnjlm,£t¸ x¹ º,UXjluqW @onh2Åda egRo|lm¦v¡iyª¤!«¬©W[mojegWegRD|:e<®±ªy ²q³ ´qµV¶q³
rs|lnW~®Tmo~bWuÁ|l)egRTuqWVW.rTmoh+eqnj@mocDeqRTn¢czn¢cª|lcgjeqRTW¦h|lcgW#nprW#WmT¢|uqklWeqRTW¦hVbegj*& hVugnegWugn¢|T«i¬°negR
W¾lWm,|XcgnklRHei~bn¢cxeqTugD|mohVWªruqjlU |cgadUXUWVeguqnh|nmTnegn¢|n§À|:egnjlm)Âb®±zyz²g³ ´qµV¶q³rs|ln¢cV«
 mo~bWVuiegRTWUXjluqW W!»deguqWVUXW nmTnpeqn|ln§|egnjlm,jr





¬OW#mTj: W!»T|UXnmTW egRTWuqWcgTeqc[nm½~bnUWmocgnj@m  T«<¬°RTWmegRTWnmTnegn¢|)~Tncfeguqnobegnjlmn¢c[ugW|egn¾lWa
hVjHcfWXeqj½egRoWÄjl}beqnU|lcgjlbegnjlm°£
µ0 = (10, . . . , 10)
¤+ÂKv¡iync.jlmTa cfnk@RHegajlTeg}>WVugrjluqUWÀ~OHa
t¸ x¹ º,rjluv|lbeqRTuqWVWrTmoh!egnjlmoc@egRTn¢cvcgRTj:icKegRo|evv¡iy ~bjdWc<mojevmTWW~¦egj>W[nmonpeqn|ln§VWÀ~rs|u*ruqjlU
eqRTWjl}TegnU.TU eqjDWW &>WÀh+eqn¾@Wl«vyikH|nmÂbTmo~TWVuegRoncicgnk@R@ei~bn¢cfegTuqo|mDh!WlÂb®±zy ²g³ ´qµV¶q³ rs|n¢cV«











µ0 = (10, . . . , 10)
«
5KnklTuqWÁ.~bW!e2|ncegRoWÁcfego~TaWªRo|¾lW<wxDcxe[h!j@U}oWVegW~ÂH[RoWVuqWiegRoWªnmTnegn¢|n§À|:egnjlmDc|lugWin¢~bWm@eqnh|Drjlu
WÀ|lh2RX¡iy.«  m 5KnklTuqW  Âl¿Wz|:egegWVUX}beegj#}ougWÀcfWm@e|#Uj@ugW[W HTnpe2|TWzhVjlUX}o|uqn¢cfj@mÂda~Tn&FWVuqnmokegRTW








«  mo~TWVuÁegRTWÀcfWXh!j@mo~bnegnjlmocÂ®±ªyz²g³ ´qµV¶q³<ncÁnmrs|@h+e#cfDhVh!WÀcgcfrT8Âh!j@mH¾@WVuqklnmTkXegjegRoWj@}begnU|
cgjlbeqnj@m« 5ojlut¸ x¹ ºÂvWjlmTa WVmT¢|uqklWÄegRTW,nmonpeqn|lcfeq|lmo~T|luq~·~TWV¾dn|egnjlmoc#egj
σ0i = 10, ∀i
Â*egj
hVjluqugWÀcf}>jlmD~¦[negRÄegRTWÁnmonpeqn|ln§|egnjlmjr®±zy ²g³ ´qµV¶q³ «*¬OWzmTjlegWzegRo|e[RTnWªt¸ x¹ º½|lccfDhVh!WÀcgcfrT
nm·>jeqR¨hV|@cfWÀcVÂKeqRTW,h2RD|mTk@WÄnm·egRTW,nmonpeqn|lcfeq|lmo~T|luq~ ~bW¾dn|egnjlmoc¦~bn~Tm  e| &FWh!e¦eqRTWhVjlmd¾lWugk@WVmohVW
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5KnklTuqWÁT¥*v¾lj@beqnj@m-jlrh!j@mH¾@WVuqklWmoh!Wiu2|:eqWcjr)¡iy#Âbt¸ x¹º |lmo~Ä®±zyz²g³ ´qµV¶q³Tmo~bWu¿n¢~bWm@eqnh|
nmTnegn¢|n§À|:eqnj@mocV«






































5KnklTuqW  ¥*v¾lj@Tegnjlm-jlrKhVjlmd¾lWugk@WVmohVWiuq|egWÀcjlrv¡iy#ÂTt¸ x¹º |lmo~®±zyz²g³ ´qµV¶q³Tmo~bWui~bn &>WugWm@e
nmTnegn¢|n§À|:eqnj@mocVÂdk@n¾dnmTk¦>jeqRt¸ x¹)º |mo~®±ªyi²q³ ´gµ¶g³¢|uqklWu¿nmTnegn¢|¾:|uqn¢|mohVWc¿|mo~®±ªyi²q³ ´qµV¶q³
|¢|uqklWu¿}>jl}oT|egnjlm«
{40, 400, 4000} «>QRTWÁcg|lUX}TWÁcfn§VW M ncÍT»bW~Ä|ej@mTWzRo|lprjlregRTWÁ}>jl}TT¢|:eqnj@mÄcfn§VW@Âdnm-|@hVhVjlu2~T|mohVW[negR}TuqWhVW~bnmTkegWÀcxe2cV«*tvW|@cfW#cgWVWQK|TW ¦rjlu[UXW~bn¢|mDci|mo~,cfeq|mD~T|u2~-~bW¾dn|egnjlmoc«
v¡iy
f1(x) f2(x) f3(x)
(N = 40,M = 20)
£  T«ä  TÂTl@T« lHl¤ £sTÂDT« HW'  H¤ £sTÂD@¤
(N = 400,M = 200)
£fl« lbÂFl« @  ¤ £x@« HlW'x  ÂDl« l W'xl@¤ £sTÂD@¤
(N = 4000,M = 2000)
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µ0 = (10m, . . . , 10m)
Âv[RTWugW






µ0 = (101, . . . , 101)
£ o«    Âb:dT«  @l¤ £ÝT«   W'2 oÂ  « ll:W    ¤ £ÝTÂT@¤
µ0 = (102, . . . , 102)
£  T«   dÂlo«   @¤ £  «@lW'2V  ÂHT«  :W    ¤ £ÝTÂT@¤
µ0 = (103, . . . , 103)
£  « @ dÂbT« :H¤ £ o«   W'2lÀTÂo@« lW    ¤ £ÝTÂT@¤
µ0 = (104, . . . , 104)
£sT«    ÂbT« @H¤ £  « @lTÀW  lbÂo@«ÀllW'  l¤ £ÝTÂT@¤
µ0 = (105, . . . , 105)
£sT«   TÂbT«  Hl¤ £ o« Hl  W'  @Â o« oÀ:W él@¤ £ÝTÂT@¤
µ0 = (106, . . . , 106)
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UXjlmocfegu2|:eqW#egRoWVnuzrs|lnTuqW¦|lc
eqRTWVa,h!j@mH¾@WVuqklWÀ~XegjXmTj@m$8j@}begnU|cgjlbegnjlmDcV«
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®±zy ²g³ ´qµV¶q³ j@m
f̃1(x)
ll@lo ± T«  l@ l ±   lÀT« ®±zy ²g³ ´qµV¶q³ j@m
f̃2(x)
b«  :W Õ@ ± b«ä:lW Õ@ b«llW'é  ±  « @TVW Õ t¸ x¹ º jlm
f̃1(x)
o« @ ± o« H D«    ± T«   t¸ x¹º jlm
f̃3(x)
@VW'él ± VW'él T« @T ± T« lo 
QK|TWXT¥ v|ln¢~T|:eqnj@mjlreqRTW#h!ouguqWVmHenUX}TWVUXWVmHe2|:egnjlmDc[jrKt¸ x¹)º |mD~-±zyi²q³ ´gµ¶g³Õ«
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